Abstract-The operation process for a class of manufacturing system in reverse logistics environment is considered. A manufacturing system is designed based on an existing framework for remanufacturing system. In this system, according to retailer / customer's demands, the manufacturer has two alternatives for manufacturing: either ordering the required partsto external suppliers or overhauling returned products and bringing them back to 'as new' conditions. An operating model is constructed to maximize the total profits by optimally deciding the number of purchased parts from external suppliers or subcontractor, the quantity of parts to be processed at each remanufacturing facilities. The model is validated through a set of experimental data reflecting practical business situation and sensitivity analyses are conducted on various parameters to gain insight into the proposed model.
INTRODUCTION
In order to meet environmental concerns/regulations, manufacturers often attempt to recover the residual value of their used products through remanufacturing. Product remanufacturing such as transforming used items into marketable products through refurbishment, repair and upgrading can also yield substantial cost benefits [1] .
According to literature [2] , remanufacturing is a $53 billion industry in the US alone. Costs derived from reverse-logistics activities in the US exceed $35 billion per year. The customer returns rate may be as high as 15% of sales in the coming years, and in sectors such as catalogue sales and e-commerce it could reach as much as 35% [2] . In recent years, research on supply chain management has been paying attention on the recovery processes of end-of-life products for reuse, recycling or remanufacturing. As a result, a new research area called reverse-logistics has emerged by focusing on the management of products once they are no longer desired or can no longer be used by the consumers [3] . Without a doubt, reverse-logistics has become a matter of strategic importance -an element that companies must consider in decision-making processes concerning the design and development of their supply chains [4] . This interest in reverse-logistics has attracted the attention of not only companies and professionals but also academia, which has been tackling this issue in recent years [5] . Many of the studies published on reverse-logistics have focused on aspects of production planning and inventory management [6] . Some of the most notable works have analyzed the effects of the flow of returned products on traditional inventorymanagement models [7] [8] [9] [10] .
Traditionally, the studies that have analyzed these matters have predetermined the capacity of both the production systems (manufacturing and remanufacturing) and the systems that manage them (for example, EOQ models in constantdemand scenarios), thereby obtaining results that ultimately consist of optimal strategies that call for using all available capacity in either the manufacturing process or the remanufacturing process rather than adopting mixed strategies (manufacturing and remanufacturing) [11] [12] [13] [14] .
Recently, literature [4] analyzed a production-management model that considers the possibility of implementing a reverselogistics system for remanufacturing end-of-life products in a lean production environment, and presented the optimal manufacturing-remanufacturing policies in that environment.
In this paper, we explore both manufacturing and remanufacturing strategies for the manufacturing system in reverse logistics environment from the view of operation management. Based on the framework of the remanufacturing system in literature [14] , we propose an operating model for this system in a deterministic environment in which we assume that market demand and returned products from customers are constant, and design a numerical example to verify the validity of the model (some data of the numerical example come from literature [14] ).
II. OPERATING MODEL FOR MANUFACTURING SYSTEM

A. Structure ofthe Manufacturing System
We consider a manufacturing system in reverse logistics environment based on the framework for remanufacturing system in literature [14] . The system includes a manufacturing subsystem and a remanufacturing subsystem. The remanufacturing subsystem (the shaded region in Fig.l) starts with returned products including end-of-life product from customers. Then, they are collected to the collection facilities, the returned products are disassembled to remanufacturing and the rests, beyond the remanufacturing capacity, are sent to the remanufacturing subcontractor. The cleaned products from the collection site are disassembled in the disassembly site. Disassembled parts are classified into the reusable parts and non-reusable parts. The former go to refurbishing site for repairing and cleaning, the latter dealing with wastes go to the disposal site to landfill or incinerate. After refurbishing process, 'as new' parts are stocked as part inventory together with new parts from the external supplier and remanufacturing subcontractor. Finally parts in inventory are supplied to the manufacturing plants according to the company's own production plan.
The structure of manufacturing system in reverse logistics environment we considered is shown as Fig.l . According to retailer / customer's demands, the manufacturer has two alternatives for manufacturing: either ordering the required parts to external suppliers or overhauling the returned products and bringing those back to 'as new' conditions. The operating model for this manufacturing system is constructed as follows. 
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The refurbishing quantity cannot exceed the capacity of the refurbishing site ( RCPi ).
(1) The number of parts by disassembling products.
The number of parts by disassembling products
The number of collected products at the collection site cannot exceed its capacity (CSCp ).
p p
The disassembly quantity cannot exceed the capacity of the disassembly site ( DCpp).
The inventory quantity of part cannot exceed the predetermined capacity ofthe part inventory ( PICp ). The Manufacturer pursue profits maximization, the objective is to maximize the total profits by optimally deciding the number of ultimate products to be manufactured, the quantity of parts to be processed at each remanufacturing facilities, the number of purchased parts from subcontractor or external suppliers. It is measured by the gap between the income for ultimate products selling and the total cost for manufacturing products, the purchasing cost for all parts from the external supplier and the remanufacturing process cost for returned products and their parts, etc. The remanufacturing process cost includes not only set-up and operation cost but also idle cost at each remanufacturing facilities. The objective function of the operating model can be expressed as follows. 
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III. SIMULATION ANALYSES OF NUMERICAL EXAMPLES
Using a numerical example, we will illustrate how the model works in the proposed structure and gain some insights into the proposed model. We assume that there are three types of products (P = 3), five types of parts from those products ( I =5), 10 time-periods for planning horizon (T =10). Table I shows the quantity of ultimate products required by customers, Table II shows the amount of used products that are collected from customers to the collection site at each period, and Table III indicates a 'bill-of-material (BaM)' of each product by which parts are assembled to a product.
The price of ultimate products and the unit purchasing cost for each part type are showed in Table N and Table V The idle cost of the disassembly facility and refurbishing facility are set to be DIDC =20000 and RIDe =25000, respectively. The lower bound for disposal rate of disassembled part is set to be ,. We used LING09.0 for solving our mixed-integer programming model on a PC with Pentium IV 2.20GHZ. The operating strategies for the manufacturing system in reverse logistics environment are shown in Tables VI-VIII, the total profits of the system is 9351443. t=1  t=2  t=3  t=4  t=5  t=6  t=7  t=8  t=9  t=10  Product 1  750  800  900  900  900  950  800  800  750  700  Product 2  800  780  700  900  950  950  900  800  850  800  Product 3  900  880  800  900  900  950  900  850  850  850   TABLE II.  THE NUMBER OF COLLECTED PRODUCTS FROM CUSTOMERS ( CP pt   )   t=1  t=2  t=3  t=4  t=5  t=6  t=7  t=8  t=9  t=10  Product 1  160  160  140  130  180  180  170  150  170  140  Product 2  170  120  150  200  130  140  130  210  180  150  Product 3  160  170  120  180  170  130  160  150  110  130   TABLE III.  THE 1  880  880  900  900  950  950  980  950  900  880   Product 2  800  850  850  850  900  950  950  900  850  800   Product 3  750  800  800  800  850  850  850  800  750  750   TABLEV.  THE UNIT PURCHASING COST FOR EACH PART TYPE ( PPC it   )   t=1  t=2  t=3  t=4  t=5  t=6  t=7  t=8  t=9  t=10   Part 1  30  30  32  35  40  40  45  40  40  40   Part 2  30  30  30  35  35  40  40  35  30  30  Part 3  25  25  30  30  30  35  33  30  25 Table VI shows that all customers' demands are filled at each period, Table VII represents the collected product quantities to go to the disassembly site and the subcontractor for remanufacturing outsourcing, and the inventory level of collected products. Note that few collected products go to the subcontractor due to its higher subcontract cost. Table VIII shows the number of purchasing, refurbishing and inventorying for each part.
In order to explain the effects of reverse logistics to the operation process of manufacturing system and gain some insight into the proposed model, sensitivity analyses are conducted for the capacity of the remanufacturing facilities, which is one of the most influential factors in the proposed model. We observed the change of total profit by varying the capacity of one facility while the other capacities are fixed. The results are given as graphs in Figs. 2-4 for the collection, disassembly, and refurbishing site, respectively. 
IV. CONCLUSIONS
This paper discussed a notion of manufacturing system in reverse logistics environment. Based on the general framework in view of supply planning in literature [14] , we developed an optimization model to optimize the operation process of the manufacturing system. The model determines the quantity of products/parts processed in the remanufacturing facilities/ subcontractors and the amount of parts purchased from the external suppliers while maximizing the total profit of the manufacturing system. We presented a numerical example to analyze and validate the model by using a small set of data but reflecting real business situation. The post-optimality analysis for the proposed model shows that there exists an optimal remanufacturing capacity for each facility at which the manufacturer achieves the maximal profit. For all graphs, the total profits are maximized at the specific capacity level and from that level they remain constant. This analysis shows that we can obtain the maximum profit with the minimum capacity for each remanufacturing facility, which achieves the 'optimal remanufacturing'. In view of investment, the manufacturing company, who are willing to introduce the remanufacturing system, does not have to increase the capacity beyond a specific limit where the profits are not obtained anymore.
